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(54) Stater assembly for a dynomoelectric machine 

(57) A dynamo electric machine has a stater core 22 constructed of 90{ symmetrical laminations 26, the windings 
having differing numbers of poifiS>which overlap in the stator slots. The winding leads 80 are directly connected by 
insulating cutting terminals to a terminal assembly 56 which is retained in a cut-out in the end frames 50, 52. Holes 62 
and projections 60 locate the end frames and the stator assembly, keys 64 holding the assembly together and end 
frame 52 carries an earthing assembly 218 which engages with the terminal assembly. The rotor comprises three 
lamination sets 250 - 254, slots 242 of adjacent sets being oppositely skewed. The axis of needle beanng 46 is mclmed 
to the rotor shaft axis such that deformation of the plastics housing part 130 biases the shaft against the bearings to 
reduce noise. 
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D-nraMOELECTRIC MAPHIKE AMD K ^QH PQp MaNTTgAgTnPTWr! SAME 

Field of thP Invent:ioTi 

This invention relates generally to electrical 
apparatus and in particular to a dynamoelectric machine and a 
method of manufacturing the dynamoelectric machine. 

BackcrroTiTiri i; -.he Invpr»l--;nn 

Conpetitive mass production of dynamoelectric 
machines in the form of electric motors such as those used in 
household appliances and other machines requires in the 
design and manufacture of the motor a simultaneous en?,hasis 
on speed and simplicity of manufacture, and tHe precision of 
the final motor construction. Moreover, any design or 
manufacturing process must not add costs out of proportion to 
the savings achieved through higher production. Thus, the 
present invention pertains to a motor which incorporates 
design features optimized for speed of manufacture and 
precision of the final product. 

It is well established that the formation of the 
stator core of an electric motor may be most efficiently 
carried out by forming the core from a stack of laminations 
stamped from a sheet of highly magnetically permeable 
material. The laminations are frequently sauare because this 
shape wastes less of the sheet material from which the 
laminations are stamped. Each lamination is stamned with a 
central opening and radially extending slots which typically 
open into the central opening. The central openings of the 
stator laminations in the stack form the bore of the stator 
core and the slots define the teeth which extend the length 
of the stator bore and receive the wire windings of the 
motor. The slots are stamped symmetrically about the center 
of the central opening, leaving substantially equal amounts 
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of material along each of the four edges of the lamination. 
Thus, the amount of magnetic flux which can be carried by the 
stator core is substantially the same along all four of its 
sides • 

It is important that the stator bore .be roxmd and 
straight so that the rotor may freely rotate in -the stator 
core bore while maintaining only a minimal separation between 
the rotor and the stator core. The straightness of the bore 
is adversely affected by the inherent presence of variations 
in thickness (called "gamma" variation) of the rolled sheet 
material from which the laminations are s tanked, so that each 
lamination is not truly flat. If the laminations are stacked 
one on top of the other in the same orientation as when each 
lamination was stamped on the sheet material, the gamma 
variations will tend to add together rather than cancel out. 
Thus, the stator bore formed may be substantially curved and 
unsuitable for mating with the rotor in such a way which will 
permit the rotor to freely rotate in the stator bore. 
Pimching the central openings of the laminations from the 
sheet material relieves certain stresses in the material, 
which tends to cause the material to elastically deform from 
the round shape struck by the punch, to an elliptical shape. 
Further deviations from round may be introduced by thermal 
stress as the stator core is annealed. Again, if the 
laminations are stacked together in such a way as to add the 
deviations from round, a bore which is too elliptical to 
receive the rotor may be produced. In a square lamination 
having substantially equal amounts of material remaining 
after pomching on all four sides, deformations causing 
deviation from round can be expected to occur approximately 
equally along two perpendicular axes lying in the plane of 
the lamination. Accordingly, it is preferred to rotate each 
lamination 90** relative to the adjacent lamination in the 
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stack so that gamma variations and deviations from round in 
the laminations tend to Ccincel each other out. 

However, in the past 90® rotation of each 
lamination relative to the adjacent lamination in the stack 
has not been practical when constiructing s tat or cores for 
certain two speed electric motors having two windings which 
have different numbers of poles. In a two speed motor having 
a four pole winding and a six pole winding, some of the turns 
of wire forming the poles must be placed in the same stator 
slots. In order to provide enough room, the slots where the 
windings will overlap must be deeper. This requirement 
introduces asymmetry in the arrangement of slots about the 
center of the central opening of each lamination, and reduces 
the amount of material on two of the sides of the lamination 
relative to the other sides. Equalizing the amount of 
material on all four sides may be acconplished by elongating 
the two sides having the deepest slots. However, the 
combination of the asymmetry of the slot arrangement and the 
rectangular shape of the lamination makes it inpossible to 
rotate the laminations 90** relative to the adjacent 
lamination when stacking. The best that can be done 
presently is to rotate the laminations 180**, which does not 
permit cancellation of manufacturing tolerances as 
efficiently as 90 rotation, and thus adversely affects the 
roundness and straightness of the bore. 

It is well known that in order to decouple stator 
slot order harmonics the rotor bars in the squirrel cage 
rotor of an induction motor should be skewed. Typically, 
skewing is accomplished by turning the rotor laminations 
making up the rotor slightly with respect to each other so 
that the passages formed by overlapping slots of the rotor 
laminations are generally helical in shape. Helical skewing 
can be carried out by hand using a jig, or automatically by 
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machine. In the former instance, sijbstantial labor costs are 
added to the production of the rotor, and in the latter 
instance it is difficult to reliably automate the delicate 
operation of turning the rotor laminations slightly relative 
to each other. Further, the helical passages have a stair- 
step configuration which can produce iindesirabrs" turbulence 
in the molten material poured into the passages to form the 
rotor bars. Significant savings can be realized by 
implementation of a "straight" skew, in which the rotor bar 
passage consists of two smooth, straight passages which 
overlap, but are skewed. The skewed passage is typically 
formed by making the rotor slots asymmetrical about a radial 
line of the rotor lamination, with the slots in one half of 
the stack of laminations forming the rotor being the mirror 
image of the slots in the other half. Although decoupling 
slot harmonics by using two straight passages which are 
skewed relative to one another is known, there is presently a 
need for such a straight skew which delivers better motor 
performance for single phase motors. 

Once the rotor and stator have been constructed, it 
is necessary to assure that the rotor will be aligned with 
the stator core bore when the rotor is inserted into the 
bore. The rotor shaft is typically supported for free 
rotation at its ends in central openings in metal end frames 
which are connected to the stator core. Tolerances inherent 
in the formation of the central openings in the end frames 
and the stator core bore, emd the absence of accurate 
location mechanism for the end frames on the stator core 
result in many rotor/stator core assemblies being out of 
alignment. Presient practice calls for the introduction of 
shims in the central openings where the rotor shaft is 
received to bring the rotor and stator core into alignment. 
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This procedure permits only a relatively coarse adjustment, 
and requires time and extra labor to accozrolish. 

The manufacturing step of mounting the rotor shaft 
on the end frames also presently requires significant labor 
5 and time to accon5)lish. The ends of the rotor shaft are 

mounted by bearings in the central openings of -fche end frames 
which permit free rotation of the rotor shaft about its 
longitudinal axis. Presently, the bearings include many 
parts and require substantial time to assemble and install in 
10 the end frames. 

The inner raceways of the bearings held in the 
central openings of the end frames are typically fixed to the 
rotor shaft at predetermined locations. Thus, the relative 
location of the end frames is deterinined by the predetermined 
15 locations on the rotor shaft. The presence of tolerances in 

the dimensions of the rotor shaft, the end frames and the 
stator core occasionally results in the stator core and end 
frames not fitting together as they should in the assembly of 
the machine, A minor misalignment or structural irregularity 
20 of the rotor shaft may cause the shaft to wobble as it 

rotates. The wobble causes variations in the air gap (i.e., 
the distance separating the rotor and the stator core) which 
results in \mdesirabie noise and' vibration 

Another aspect of the; as^emblygpf -'thie^ electric ; | 
25 motor which is labor :iit electirical connection 

of the windings to a plugr and termxnal asseinbly used to 
connect the windings l^-^ia! sourc^^^ and ^t:o \l 

control operation windings for ;'s tart ing thi^ ^'machine 
Presently, there are at least four nconnectidnsoused to 
30 electrically connect the "te:^^ diid of ^each magnet wire v to 

the plug and terminal assembly r 'T^e ■ maghet -Vi is first'" 
connected to a terming: thavinglsika!^^ pa^erceithe 
insulation on the wireL" 
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terminals are cri2r5)ed against the magnet wire. The ridged 
terminal is connected to wire having plastic insulation, 
which is in turn connected to a terminal on the plug and 
terminal assembly. The terminal on the plug and terminal 
assembly is connected to the circuitry in the plug and 
terminal assembly* Topically, only two of thesa^ connections 
are made during assembly of the motor. However, each 
terminal connection is a more likely site for failure. 
Moreover, connection of the plug and terminal assembly to the 
end frames of the motor presently requires sepaxate 
fasteners. The use of such fasteners, or alternative joining 
methods such as welding or soldering, adds the cost of the 
fasteners or joining material, and the cost of labor to 
connect the plug and terminal assembly by application of the 
fasteners or joining material. 

In order to ground the motor end frames, a separate 
assexnbly step is required for ground connection. For 
instance, a screw may be received through an end frame and 
into the plug and terminal assembly, or the connection may be 
by insulated wire. The insulated wire is connected to the 
end frame by a screw or a clip, which are additional 
materials which require additional time to manipulate during 
assembly of the motor. 

Summary of the Invention 

Among the several objects and features of the 
present invention may be noted the provision of a 
dynamoelectric machine capable of rapid production while 
maintaining quality at or above that of existing machines of 
the same type; the provision of such a machine which has 
fewer parts; the provision of such a machine which is secured 
together with fewer fasteners; the provision of such a 
machine which makes an economic use of materials in its 
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construction; the provision of such a machine which has fewer 
internal electrical connections; the provision of such a 
machine which is grounded without requiring additional wiring 
or special ground connections; the provision of such a 
machine which is automatically connected to a ground remote 
from the machine when connected to a source of electrical 
power; the provision of such a machine in which the rotor and 
stator are accurately aligned; the provision of such a 
machine which accommodates misalignment or structural 
irregularity of the rotor without introducing substcuitial 
stresses to the machine during operation; and the provision 
of such a machine in which stator slot order harmonics are 
optimally decoupled. 

Further among the objects and features of the 
present invention may be noted the provision of a method for 
manufacturing a dynamoelectric machine which requires fewer 
steps to secure the conponent parts together; the provision 
of such a method in which critical dimensions are held within 
closer tolerances to produce more accurate alignment of the 
stator and rotor; the provision of such a method which 
employs fewer individual fasteners; and the provision of such 
a method which can be carried out rapidly and at reasonable 
cost. 

Generally, a two- speed dynamoelectric machine 
constructed according to the principles of the present 
invention coirtprises a stator, at least two windings on the 
stator, a rotor received in the stator and means supporting 
the rotor for rotation relative to the stator. A first of 
the two windings has a first number of poles and a second of 
the two windings has a second number of poles different from 
the first number of poles . A plurality of stator laminations 
stacked one on top of the other form the stator core. Each 
stator lamination con^jrises a sheet of highly magnetically 
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permeable material lis:vliig a generally central opening 
therein, and slots opening into the central opening and 
extending generally radially outwardly therefrom. The slots 
are disposed in an arrangement around the periphery of the 
central opening and receive turns of wire from the two 
windings of the dynamoelectric machine with at Xeast some of 
the slots receiving turns of wire from both of the two 
windings. The arrangement of slots on each stator lamination 
is symmetrical about a pair of perpendicular lines lying 
generally in the plane of the stator lamination and 
intersecting generally at the center of the central opening, 
and about a diagonal line lying in the plane of the stator 
lamination, passing through the center of the central opening 
and ma3cing an angle of 45® with the perpendicular lines. 
Each stator lamination in the stack is rotated 90** relative 
to other stator laminations about a longitudinal axis of a 
central rotor- receiving bore of the stator core formed by the 
central openings of the stator laminations in the stack 
thereby forming a central bore which is straighter and more 
nearly cylindrical. 

In another aspect of the present invention, a 
dynamoelectric machine coii5)rises a stator including a stator 
core having a pair of opposing end faces, a bore through the 
stator core extending from one end face to the other end 
face, and windings including a start winding and at least one 
run winding on the stator, each winding having winding leads 
extending outwardly Txam the stator. First and second 
opposite end frames jnounted on respective end faces of the 
stator core each have a generally central opening. A rotor 
assembly comprises a shaft received in bearing means 
associated with the central openings of the end frames, and a 
rotor fixedly mounted on the shaft for conjoint rotation 
therewith. The rotor is disposed at least in part in the 
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stator core bore, and the rotor and the stator are adapted 
for magnetic coupling upon activation of the windings for 
rotating the shaft and rotor relative to the stator and end 
frames. A plug and terminal assembly includes a casing made 
of an insulator material,^ a,pliu:i.lity of lead terminals 
electrically connected to the winding leads ancTa plurality 
of electrical connectors protruding from the casing and 
electrically connected to the lead terminals. The electrical 
connectors are constructed for connecting the winding leads 
to a source of electrical power. A ground tab mounted on and 
in electrical contact with the second end frame is received 
in an opening in the casing with the ground tab being 
disposed for electrical connection to ground upon connection 
of the electrical connectors to ground. 

In yet another aspect of the present invention, a 
dynamoelectric machine has a stator, windings, end frames, 
bearing means and a rotor assembly as described in the 
preceding paragraph. The dynamoelectric machine further 
comprises a plug and terminal assenbly including a casing 
20 made of insulator material. A switch housed in the casing is 

operable between a first switch mode in which the start 
winding is activated and a second switch mode in which the 
start winding is deactivated. A plurality of electrical 
connectors are connected to the switch and adapted for 
connection to a power supply, and a plurality of magnet wire 
terminals are integrally connected to the switch and receive 
the terminal ends of the windings thereby providing direct 
connection of the windings to the switch. 

In still another aspect of the present invention, a 
dynamoelectric machine comprises a stator, a rotor assembly, 
first and second end frames and first and second bearings. 
The first bearing is disposed in a central opening of the 
first end frame and fixedly mounted on a rotor shaft of the 
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rotor assembly thereby to prevent axial movement of the rotor 
shaft relative to the first bearing. The second bearing, 
disposed in a central opening of the second end frame, 
con^rises a housing and shaft bearing means supported by the 
housing in a shaft receiving passage. The shaft bearing 
means is constructed and arranged for rolling engagement with 
the rotor shaft in the shaft receiving passage for supporting 
the rotor shaft and permitting rotation of the rotor shaft 
about its longitudinal axis. The shaft bearing means is free 
of connection to the rotor shaft. 

Methods of manufacturing a dynamoelectric machine 
are also disclosed. In one aspect of the method, end frames 
are each formed by simultaneously punching from sheet metal 
blank a generally central rotor shaft receiving opening and 
locator means spaced from the center of the central opening 
so as to precisely locate the center of the central opening 
relative to the locator means. 

Other objects and features of the present invention 
will be in part apparent and in part pointed out hereinafter • 

Brief Description of the Drawings 

FIG. 1 is a front perspective of an electric motor; 
FIG. 2 is a longitudinal section of the motor; 
FIG. 3 is an exploded front perspective of the 

motor; 

FIG. 4 is a perspective of the rear end frame of 
the motor, with a plug and terminal assembly illustrated as 
exploded away from the end frame; 

FIG. 5 is an enlarged fragmentary perspective of 
the rear end frame showing the plug and terminal assembly as 
installed on the end frame; 

FIG. 6 is an enlarged fragmentary section taken in 
the plane including line 6-6 of Fig. 5; 
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FIG. 7 is a front elevation of the plug and 
terminal assembly showing locating posts of the assembly as 
received in a stator slot (shown in phantom) ; 

FIG. 8 is an end elevation of the plug and terminal 
assembly and a fragmentary portion of the stator core 
illustrating engagement of the locating posts therewith; 

FIG. 9 is a an electrical schematic of the plug and 
terminal assembly, shown as plugged into a power source; 

FIG. 10 is an enlarged fragmentary cross section of 
the motor illustrating the locator nubs of the end frames and 
locator openings of the stator core; 

FIG. 11 is a section of the rear end frame taken in 
the plane including line 11-11 of Fig. 4 and showing a rotor 
shaft bearing moxinted in the central opening of the rear end 
frame; 

FIG. 12 is a longitudinal section of the rotor 
shaft bearing of Fig. 11; 

FIG. 13 is an end elevation of a housing piece of 
the housing of the rotor shaft bearing; 

FIG. 14 is a fragmentary elevation of the opposite 
end of the housing piece of Fig. 13; and 

FIG. IS is a plan of a stator lamination which 
forms the stator core; 

FIG. 16 is a schematic illustrating the formation 
of stator laminations and the stator core; 

FIG. 17 is a perspective of a rotor assembly of the 
motor, including a rotor shaft and a rotor core, with parts 
of the rotor core broken away to show details of 
constaruction; 

FIG. 18 is a plan view of the rotor core with 
portions broken away to two levels to reveal the three 
different rotor slot orientations within the rotor core; 
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FIG. 19 is an enlarged fragmentary elevation of the 
rotor core showing a single rotor slot and illustrating in 
hidden lines the orientation of an underlying slot; 

FIG. 20 is an enlarged fragmentary view of a rotor 
core having slots which are skewed accordingly to 
conventional mathematical prediction; and ^ 

Fig. 21 is a diagram illustrating two preferred 
windings of the motor and two other windings. 

Corresponding reference characters indicate 
corresponding parts throughout the several views of the 
drawings . 

Detailed Description of the Preferred Embodiment 

Referring now to the drawings, and in particular to 
Figs. 1, 3 and 15, a dynamoelectric machine in the form of a 
single phase, two speed induction motor 20 is shown to 
include a s tat or 22 having a core 24 made up of a stack of 
thin stator laminations 26, and windings 27 on the stator 
core including a four pole start winding 28, a four pole run 
winding 30 and a six pole nm winding 32. The stator 20, 
stator core 24, stator laminations 26 and windings 27 are 
indicated generally by their respective reference nximerals. 
The windings illustrated are exemplary only, as the invention 
is applicable to dynamoelectric machines of other winding 
configurations. A rotor assembly indicated generally at 36 
includes a rotor 38 received in a bore 40 of the stator core 
24 and a rotor shaft 42 fixedly connected to the rotor. 
Opposite end portions of the rotor shaft 42 are received in a 
first bearing 44 and a second bearing (generally indicated at 
46), respectively, for free rotation of the rotor assembly 36 
about the longitudinal axis of the rotor shaft. As may be 
seen in Fig. 2, the first and second bearings 44, 46 are held 
in central openings 48 of first and second end frames 
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(designated generslly by reference numbers SO and 52, 
respectively) whirii support the rotor assembly 36. A plug 
and terminal assenfisly, generally indicated at 56 is located 
on the second end framp 52, and a centrifugal mechanism 58 of 
the type well known in the art is mounted on the rotor shaft 
42 adjacent the second end frame. The end frames 50, 52 
engage opposite end faces of the stator core 24 where they 
are positively located by locator nubs 60 associated with 
each end frame, which locator ncftss are received in 
corresponding locator holes 62 in the end faces. The motor 
20 is held together by keys 64 %rtiich are received in 
preformed channels £6 in the stator core 24 emd bent over at 
their ends 68 (shown in phantom in Fig. 3) to hold the motor 
components together as shown in la^. i. 

One of tbe stator laminations 26 which is stacked 
together with a plnrality of otbear stator laminations of 
identical construxztion to form tbe stator core 24 is shown in 
Fig. IS. The lamination 26 has\a generally central opening 
72, and a plurality of stator teeth 74 defining slots 76 
therebetween opening into the central openin^r an:d extending 
generally radially ootwaxdly from tbe ' central opening. ; 
Notches 78 at the four corners of the; lamination: 26 define i: 



the channel 66 of t±B stator cox« .;24l(Fig|i;i)il fks shown '^iit 

Fig. 16, the lajidnations 26 are;^£^ sitrip W: (frcm 

a roll R) of highly iBgnetically: pernio inia 'di^ 
D- All stator laiaiistions 26 aiB preferably square in shape 

to permit -maxiiouin' usage^''(kn^^ cot£^^|ndiii^ wa^H-^' 

the material in the strip; W/ Ite slbts ' 76Va^ Shaped land ■! 

arranged aroxind the periphery o5-th£s^;Gent:i^ 72 so; I 

that the arrangement 'of slots is]syiiim^ a '^lair c|f 
perpendicular lines LI and' L2 lyiaan^^ge 

the stator lamination 26; Md'inlMel^ k^Jthell. 
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is also symmetrical about a diagonal line L3 lying in the 
plane of the s tat or lamination 26, passing through the center 
C of the central opening 72 and making an angle of 45® with 
the perpendicular lines LI, L2. 

Stated another way, the size and arrangement of 
slots 76 of the stator laminations 26 are ■90*' symmetrical", 
i.e., any stator lamination superposed with another stator 
lamination may be rotated relative to the other stator 
lamination SO*', or any imiltiple thereof, about an axis 
perpendicular to the plane of the laminations and passing 
through the center C of the laminations, and the slots 76 
will be substantially superposed and coextensive. However, 
it is to be understood that the rotational symmetry of the 
slots 76 could be other than 90® and still fall within the 
scope of the present invention. Generally speaking, 
rotational symmetry of the slots 76 of N*", where N is less 
than 180, will permit at least incremental improvement in the 
ro un d n ess and straightness of the stator bore 40. 

As is known, the 90*» symmetry of the stator 
laminations 26 permits the construction of a stator core 24 
having a straighter and more nearly cylindrical bore 40. In 
the final assembly of the motor 20, the rotor 38 and the 
periphery of the stator core bore 40 should preferably have 
the minimum possible separation, while permitting free 
rotation of the rotor in the bore. Deviations of the stator 
core bore 40 from being straight and cylindrical typically 
occur because of non-uniform thickness of individual stator 
laminations 26 ("gamma variations"), and elliptical 
deformation of the central openings 72 caused by stress 
relief in the material after punching the central opening. 
It has been found that these errors tend to occur equally 
along the lines LI, L2 shown in Fig. IS. All of the stator 
laminations 26 have the same original orientation when they 
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are stamped from the highly magnetically permeable material 
and fed one after another in a. forward direction to a 
stacking station, dotation of each stator lamination 26 from 
its original orientation 90* relative to the adjacent stator 
lainasnatxon^n the stardlc- forming thfe is tiatSr "is^^ 2^ results in 
the aforementioned errors tending to cancel each other out. 
As shown in Fig, i€, rotation of the stator laminations 26 is 
carried out in a revolving haxrel B {the "stacking station") 
into which the stator laminations are received after they are 
stair^jed. Prior to each stator lamination being driven into 
the barrel B, it rotates 90* so that adjacent stator 
laminations 26 in the stack luxm ing the stator core 24 are 
rotated relative xx> each other 90*» from their original 
orientations. The stacking and rotating of the stator 
laminations 26 continues until the stack reaches a 
predetermined height corresponding to the size of the stator 
core 24- 

The four pole start winding 28, four pole run 
winding 30 and six pole run winding 32 are schematically 
illustrated on the stator lamination 26 shown in Fig. 15. 
Each winding 27 has a pair of magnet wire leads 80 at 
opposite ends of the winding wiich are connected to a source 
of power as described in detciil hereinafter. It is to be 
understood that the precise arrangement of the windings 27 
may be other than shown in Fig. IS and still fall within the 
scope of the present invention. As may be seen from the 
winding diagram, tuiiis of magnst wire from different windings 
will lie in the same slots 76 • 

Difficulty in exploiting the advantage derived from 
90*^ rotation of each stator lamination 26 arises when the 
stator core 24 is wound for a two speed motor of the type 
disclosed herein having two windings each with a different 
number of poles (e.g., a four pole winding 30 and a six pole 
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winding 32) . More specifically, the difficulty occurs when 
one of the windings has a rotational symmetry which differs 
from and is not a whole number factor of the rotational 
symmetry of the stator laminations 26. Rotational syimnetry 
of a winding is equal to the angular spacing of the poles of 
the winding around the periphery of the stator core bore 40. 
In the six pole winding 32, the poles are spaced at 60 
intervals around the stator core bore 40, and no two poles of 
the six poles are spaced apart by 90*». If the six pole 
winding 32 is rotated 90*^ from an initial position, its 
appearance is not the same as it was in the initial position. 
Difficulty in winding a 90® symmetric stator occurs generally 
when two of the windings have a different number of poles, 
and the niimber of one of the poles is an even number which is 
greater than two and not a multiple of four. 

Accordingly, when the six pole winding 32 and four 
pole winding 30 (or four pole start winding 28) are woiind on 
the stator 22, some of the slots 76 adjacent two sides of the 
lamination will be required to receive siobstantially more 
turns of magnet wire than others. In the past, accommodation 
has been made by making the lamination slots which receive 
extra turns of wire deeper. However, this introduces 
asymmetry in the arrangement of slots, making them no longer 
90* symmetric. Moreover, the amoxmt of material to carry the 
magnetic flux produced by the windings is reduced along two 
of the edges of the lamination. The amount of material along 
each side of the lamination 26 is referred to as the "yoke" 
of the lamination. Preferably, the yoke should be nearly the 
same along all four edges of the lamination 26. The decrease 
in material caused by the depth of the slots can be remedied 
by making the lamination with an elongated rectangular shape. 
However, these rectangular laminations (not shown) are only 
symmetrical when rotated 180® relative to each other. Less 
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effective cancellation of gamma deviations and elliptical 
deformations of the central openings 72 occurs with 180« 
rotation of the stator laminations 26 when forming the s tat or 
core 24. 

The stator lamination 26 of the present invention 
been constructed to receive magnet wire from the four and 
six poles windings 28, 30, 32 of a two speed motor in a 90« 
symmetrical arrangement of the slots 76 • The yoke along the 
four peripheral edges of the lamination 26 is substantially 
the same, with the minimum distance y separating the bottom 
of any of the slots 76 and the nearest edge of the stator 
lamination 26 being approximately equal along all four edges 
of the lamination. However, a sinusoidal distribution of the 
turns of magnet wire at each pole of each winding 27 would 
result in certain slots 76 being overfilled and other slots 
being under- filled. The amount a slot 76 is filled with wire 
is commonly expressed in terms of "slot fill percentage", 
which corresponds to a ratio of the cross sectional area of 
the magnet wire times the number of turns in the slot, 
divided by the area of the slot. The slot fill percentage of 
each slot 76 should be greater than about 30% and less than 
about 70%, and more preferably be greater than about 40% and 
less than about 60%. To achieve slot fill percentages in 
this range in a stator 22 made up of 90® symmetrical stator 
laminations 26, the spatial distribution of turns of magnet 
wire among the slots 76 at least some of the poles of some of 
the windings is distorted from an ideal sinusoidal 
distribution of turns for the particular number of slots of 
the stator. More turns of wire are placed in some slots 76 
and fewer in others than would be called for in an ideal 
sinusoidal distribution of turns. Further, the distortion of 
the turns from the sinusoidal distribution is dissimilar at 
least two of the poles of one of the windings 27 resulting in 
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the introduction of a controlled amoxrnt of even harmonics 
upon energizing the winding. Preferably, the distortion 
should occur in the run winding (i.e., the four pole winding 
30 or six pole winding 32) which is used least in ordinary 
operation of the motor 20. Distortion is carried out so as 
to bring the slot fill percentages within the preferred 
ranges. Another, lesser preferred way of bringing slot fill 
percentages within an acceptable range is to remove turns 
from one or more of the poles of one of the windings 27. The 
precise arrangement of the turns will depend upon the size of 
the stator 22, the number of windings 27 and poles in each 
winding, as well as the desired operating characteristics of 
the motor 20. 

Two preferred winding configurations for the motor 
20 of the present invention, having a stator 22 with 36 slots 
wound with a four pole start winding (designated "4P START"), 
four pole main winding (designated "4? MAIN") and six pole 
winding (designated "SP") are diagrammatically illustrated in 
J'i?- 21, and compared with a sinusoidal winding and another 
winding. The lettered columns represent slots in the stator 
22, as indicated on the stator lamination 26 shown in 
Fig. 15/ and the lines between the columns represent the 
teeth 74 of the stator. The nimibers in the columns are the 
nxjmber of turns received in the slot for a particular 
winding, and each row of nxmibers represents the distribution 
of turns for the winding designated at the right hand side of 
the row. The rows are arranged in four vertically spaced 
groups of three rows, each group representing all windings on 
a given stator. At the bottom of Fig. 21, the location and 
span of the coils of each pole for each of the windings are 
schematically indicated by nested brackets. The brackets 
illustrate generally the possible spans of the coils, but in 
fact the designer may chose not to include one of the spans 
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Shown by the brackets. In winding groups where it has been 
chosen not to include particular spans, the niJinber "0" has 
been placed in the slots where turns of wire making up that 
span would ordinarily be received. The instance where a 
partisular slot or slots 76 lie at the interior. of the pole, 
and no wire is placed them, the absence of wire is indicated 
by dashed lines «--". 

The top group of windings is a sinusoidal 
distribution of turns for the 36 slot stator 22 illustrated 
herein. A sinusoidal winding configuration is ordinarily 
preferred for best motor performance. However, in this 
instance, some of the slots are too full and others 
relatively enpty, making it con^iletely intpractical to 
manufacture. The winding group second from the top in the 
diagram of Fig. 21 is a first attempt to reduce the disparity 
in the number of turns received in respective slots 76. 
Although this second winding configuration makes better use 
of the slots by distorting the turns from the sinusoidal 
configuration, it is also in^jractical to manufacture. The 
third and fourth groups from the top are manufacturable 
winding configurations and are believed to operate within 
acceptable parameters. 

The completed stator 22 is supported together with 
the rotor assembly 36 in the final assembly of the motor 20 
by the first and second end frames 50, 52. The rotor 38 is 
received inside the stator bore 40 and is in a closely spaced 
relation with the stator core 24 in the stator core bore. 
The end frames SO, 52 are each formed from sheet metal blank 
which is formed into a cup- shaped configuration including 
generally square, flat interior and exterior faces 
(designated 90 and 92, respectively) and a skirt 94 
projecting outwardly from the interior face 90 of the end 
frame. Four feet 96 extend laterally outwardly from the 
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outer edges of the skirt 94 at the comers of the end frames 
50, 52. The central opening 48 of each end frame is 
generally tiobnlar in shape, and an inwardly projecting 
retaining lip 98 narrowing the central opening at its axially 
outer end is disposed for engagdLng the bearing (44 or 46) 
received in the opening. Referring now to Pigs ."^4 and 5, 
material is removed from the end frames 50, 52 at 
circumf erentially spaced locations around their respective 
central openings 48 leaving vents 100 permitting circulation 
of cooling air through the motor. However, not all of the 
material at the location of the vents 100 is removed from the 
end frames 50, 52. At each vent 100, material is left 
forming a retaining tab 102 which extends axially inwardly 
from the inner end of the central opening 48 at the periphery 
of the opening. 

The first bearing 44 includes an inner race 106, an 
outer race 108 and ball bearings 109 received in the races 
(Figs. 1 and 3). The inner race 106 is fixedly connected to 
the rotor shaft 42 of the rotor assembly 36 adjacent one end, 
and the shaft and first bearing 44 are located in the central 
opening 48 in the first end frame 50 with the outer race of 
the first bearing engaging the retaining lip 98. The 
retaining tabs 102 are deformed inwardly against the outer 
ring 108 of the first bearing 44 so that the first bearing is 
captured in the central opening 48 between the retaining lip 
98 and retaining tabs (Fig. 2). Thus, the first end frame 50 
is positively located relative to the first bearing 44 and 
the rotor 38. the second bearing 46, described in more 
detail below, and the opposite end of the rotor shaft 42 are 
located in the central opening 48 of the second end frame 52. 
The second bearing 46 is captured in the central opening 48 
between the retaining tabs 102 and retaining lip 98 of the 
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second end frame 52 in the same way as the first bearing 44 
(Fig. 5) . 

The relative radial position of the stator 22 and 
rotor assembly 36 is controlled by the locator nubs 60 and 



frames SO, 52 and the stator core 24. The end frames 50, 52 
each include four of the locator nubs 60, one on each of the 
four feet 96 of the end frame. As best seen in Fig. 10, each 
locator nub 60 is received in a corresponding locator hole 62 
formed in the end face of the stator core 24, thereby 
positively radially locating the stator core and the end 
frames 50, 52. The nubs 60 are preferably formed by punching 
through the end frames 50, 52 at the feet 96 so that the nubs 
extend outwardly from the feet a substantia.1 distance into 
15 the holes 60 upon assembly of the end frames with the sta:tor 

22. Positive location of the end frames 50/ 52 and stator 
core 24 also produces positive location-'df the rotor assembly 
36 and stator core 24 by virtue of the first and second 
bearings 44, 46 being captured in the central openings 48 of 
20 respective end frames. In the preferred embodiment, the 

locator nubs 60 and the central openings 48 of the end frames 
50, 52 are punched from the sheet metal blank : during the ^same 
stroke of the die, which permits a close tolerance to be::: 
maintained on the distance; from thie cente% centjraill 
25 openings 48 and the centisr of -Ithe ^locatdr ^1^^ 

Likewise, the locator^ hpie;s ei;iih:^ich:^g^ 
are formed during thersame: stroke 

the central opening 72 of the;'lamination;;:s^^^^ the 'distance 
between: the center . of ("the sta£or :bpre;40^ by the , 

30 stacked stator laminations 26^^7^d vthe ceht^i^ of the : locator 

holes 62 is maintained within -r'a . close ; tolerance, 
maxntenance of these:.,close; toiLferaiiGes iim tsa 



relative^ radial :;:po|itip&| of tp;|rb||rtas^^ 
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core 24 to be maintained within a tight range for each motor 
20 manufactiired. 

The locator nubs 60 of the end frames 50/ 52 are 
disposed on an embossment 112 formed on each foot 96 of the 
end frames and protruding inwardly from an inwardly facing 
surface 114 of the foot (Fig. 4). As shown in Fig. 10, the 
embossments 112 are the portions of the feet 96 of each end 
frame 50, 52 which engage a respective end face of the stator 
core 24. All of the embossments 112 on each end frame 50, 52 
are formed at the same time in the die so that their relative 
location is very precise, more so particularly than the 
relative location of the inwardly facing surfaces 114 of the 
feet 96- The embossments 112 on each end frame 50, 52 are 
generally located in a plane so that when they engage the 
stator core 24 the end frame is not undesirably pitched or 
cocked with respect to the stator core. As a direct 
consequence, the longitudinal axis of the rotor shaft 42 is 
better aligned with the centerline of the stator core bore 
40. 

Referring now to Figs. 3 and 11-14, the second 
bearing 46 includes a plastic, tiibular housing formed from 
first and second pieces (generally indicated at 116 and 118, 
respectively) and having a shaft receiving passage 120. An 
annular raceway defining member 122 is disposed in the shaft 
receiving passage 120 and extends around the shaft receiving 
passage. A plurality of long, thin needle bearings 124 
(broadly, "shaft bearing means") are disposed in the raceway 
of the raceway defining member 122 and engage the rotor shaft 
42 in the shaft receiving passage 120. The rotor shaft 42 is 
received through the shaft receiving passage 120 of the 
second bearing 46 and is supported for rotation by engagement 
with the needle bearings 124, but is free of any fixed 
connection to the second bearing. Thus, the shaft 42 and 
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second bearing 46 are free to slide lengthwise of each other 
such that the location of the second bearing on the rotor 
shaft is determined by the engagement of the second end frame 
52 with the stator core 24. 

The firsthand second pieces 116, 118 of t^g .gjtsipnd 
bearing housing are sxibstantially identical, each having a 
cylindrical outer wall 126 sized for close fitting reception 
in the central opening 48 of the second end frame 52 and a 
generally cylindrical inner wall 128 which is concentric with 
and spaced radially inwardly of the outer wall* As shown in 
Fig. 13, the outer and inner walls 126, 128 are joined by 
three genersO-ly thin, arcuate diaphragm portions 130 
extending between the inner and outer walls. The arcuate 
diaphragm portions 130 are spaced angularly of each other 
around the shaft receiving passage 120 by arcuate voids 132. 
The arrangement of arcuate diaphragm portions 130 and voids 
132 is such that the relative location of diaphragm portions 
and voids is exactly reversed about a transverse line L4. 
Thus, when the second piece 118 is rotated about the line L4 
and brought into engagement with the first piece 116, the 
diaphragm portions 130 of the first piece are received in the 
voids 132 of the second piece and vice versa. The diaphragm 
portions 130 of the first and second pieces 116, 118 form a 
continuous amiular diaphragm 134 when the first and second 
pieces are mated together. 

Preassembly of the second bearing 46 is carried out 
by installing the raceway defining member 122 in the first 
piece 116 of the housing. The raceway defining member 122 
engages a locating shoulder 136 formed in the first piece 116 
and projects out of the first piece. The second piece 118 
slides over the exposed portion of the raceway defining 
member 122 and into engagement with the first piece 116. The 
raceway defining member engages another locating shoulder 138 
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in the second piece 118, and the diaphragm portions 130 of 
the first and second pieces mate in the way described above 
to form the continuous diaphragm 134. The first and second 
pieces 116, 118 are tenporarily held on the raceway defining 
member 122 by friction fits, and there is preferably no 
separate connection of the pieces to one anotherl Upon 
installation of the second bearing 46 in the central opening 
48 of the second end frame 52, and bending of the retaining 
tabs 102 against the second piece 118, the first and second 
pieces are held together by engagement with the retaining 
tabs and the retaining lip 98 of the central opening 48. It 
is to be understood that the second bearing 46 may be formed 
as one piece or otherwise than precisely described herein and 
still fall within the scope of the present invention. 

The rotor shaft 42 may extend through the shaft 
receiving passage 120 of the second bearing 46 at an angle to 
the longitudinal axis L5 of the shaft receiving passage in 
the Tondeformed configuration of the second bearing housing. 
In that event, the diaphragm 134 deforms by deflecting out of 
its plane to permit the shaft receiving passage 120 to be 
pivoted to generally align itself with the longitudinal axis 
LA of the rotor shaft 42. However, the diaphragm 134 has 
sufficient strength of resist translational movement of the 
rotor shaft 42 in directions perpendicular to its 
longitudinal axis LA so that the shaft does not wobble as it 
rotates in operation. The plastic material of the second 
bearing housing pieces 116, 118 has a preferred modulus of 
elasticity in the range of 400,000 to 800,000 psi. It is 
believed that a modulus of elasticity of the plastic as high 
as 2,500,000 would still permit the second bearing 46 to 
function properly. Steel and other materials having far 
greater moduli of elasticity could be used if made 
sufficiently thin. 
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To reduce noise in operation, the clearance between 
the needle bearings 124 and the rotor shaft 42 is taken up by 
intentionally canting the second bearing 46 relative to the 
longitudinal axis LA of the rotor shaft 42. Canting is 
acconplishedjjy an asyimietric&l f option (broagly -canting 
means") on the housing, which in the illustrated embodiment 
conprises a pair of longitudinally and radially opposite 
bun^js 140 on the outer walls 126 of the first and second 
housing pieces 116, 118 (see Figs. 12 and 14) . The bunp 140 
associated with the first housing piece 116 engages the 
retaining lip 98 in the central opening 48 of the second end 
frame 52, causing the second bearing 46 to be tilted relative 
to the second end frame in the central opening. As 
illustrated in Fig. 2, the bump 140 is sized so that the 
longitudinal axis L5 of the shaft receiving passage 120 makes 
an angle of approximately I- with the longitudinal axis LA of 
the rotor shaft 42. The angle shown in Fig. 2 has been 
greatly exaggerated for purposes of illustration. The 
intentional misalignment of the axes of the shaft receiving 
opening 120 and the rotor shaft 42 causes the shaft to bear 
against the needle bearings 124 and to elastically deform the 
diaphragm 134. The elasticity of the diaphragm material 
provides a reaction force against the rotor shaft 42 so that 
the needle bearings 124 are held against the shaft. This 
constant, forced engagement of the rotor shaft 42 and the 
needle bearings 124 significantly reduces noise during 
operation - 

The bun5> 140 on the second housing piece liB is not 
necessary to produce the desired cant of the second bearing 
46 relative to the longitudinal axis of the rotor shaft 42. 
Of course, the bump 140 is present on the second piece 118 
because it is identical to the first piece 116. To do away 
with the bump 140 on one of the housing pieces would require 
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conpletely separate molds for the two pieces 116, 118 which 
is undesirable from the stand-point of cost and simplicity of 
assembly- However, the bwp 140 on the second piece 118 
also facilitates installation of the second bearing 46 in the 
central opening 48 of the second end frame 52 with the 
desired cant. More specifically, the bungp on the second 
piece is constructed for engagement with an installing tool 
(not shown) having a flat face which engages the radially 
inner end of the second piece 118 for pushing the second 
bearing 46 into the central opening 48 of the second end 
frame 52. The bun© 140 on the second piece 118 causes the 
second piece, and hence the entire second bearing 46 to be 
canted in the same direction as the engagement of the bump 
140 on the first piece 116 with the retaining lip 98. Thus, 
the desired misalignment is achieved even when, as will occur 
from time to time, the bun?) 140 on the first piece 116 is not 
ftLlly seated against the retaining lip 98 in the central 
opening 48. 

The windings 27 may be connected to a source of 
electrical power via the plug and terminal assembly 56 
moxmted on the second end frame 52 of the motor 20. As shown 
in Fig. 7, the plug and terminal assembly 56 includes a two- 
piece casing, generally indicated at ISO, made of insulator 
material, and a plurality of lead terminals 152 which receive 
the magnet wire leads 80 extending from the windings 27. The 
lead terminals 152 each have a serrated formation 154 
including a plurality of sharpened ridges so that when the 
lead terminals 152 are crimped onto the magnet wire leads (as 
shown for the top terminal in Fig. 7) , the insulation of the 
magnet wire is penetrated by the ridges to provide electrical 
connection. In the preferred embodiment, the lead terminals 
152 are Amplivar® terminals manufactured by Amp, Inc. of 
Harrisburg, Pennsylvania. Referring to Fig. 9, a switch 157 
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forming part of a switch circuit (generally indicated at 155) 
housed in the casing 150 is operable between a first switch 
mode (shown in solid lines) in which the start winding 28 is 
activated and a second switch mode (shown in phantom) in 
which the start winding is deactivated. The switch 154 is 
operated by the centrifugal mechanism 58 in a way which is 
well known in the art. Generally, the centrifugal mechanism 
58 rotates with the rotor shaft 42, and extends as the 
revolutions of the shaft reach a predetermined level to 
actuate a lever arm 159 which opens the switch 157. As shown 
in Fig. 5, a plurality of electrical connectors (designated 
sequentially by reference numerals 156a.lS6f ) protruding from 
casxng 150 are electrically connected to lead terminals 152 
through the switch circuit. The electrical connectors lS6a- 
156f are constructed as plugs for plug-in connection to a 
source of electrical power. 

The switch circuit 155 is of conventional 
construction and is schematically shown in Fig. 9 as part of 
the electrical circuit including the windings 27, a plug 160 
from the power source and control switches associated with 
the power source. A pair of leads 162, 164 are respectively 
interposed between electrical connectors 156b and I56c and a 
pair of terminal posts 166, 168 of a single pole double throw 
speed selector switch 170. Speed selector switch 170 has a 
movable am 172 for selective circuit making engagement with 
its cooperating posts 166, 168, and the switch arm 172 is 
connected in circuit relation with a line terminal LTl. A 
switch 173 located in the circuit between the electrical 
connector I56a and the six pole (low speed) winding 32 is 
shown in its motor start position in which the four pole 
(high speed) winding 30 will be activated even of the arm 172 
of the selector switch 170 has been moved to post 168 for low 
speed operation of the motor 20. The switch 173 is moved as 
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a result of actuation of the lever arm 1S9 by the centrifugal 
mechanism SB to de-energize the four pole winding 30 and 
energize the six pole winding 32 when the motor reaches the 
predetermined speed. Of course, when high speed (i.e., the 
four pole winding 30) is selected by moving the arm 172 into 
engagement with post 1S6, movement of the switch 173 out of 
electrical contact with the four pole winding does not result 
in energization of the six pole winding 32 or de- energization 
of the four pole winding 30. 

Another line terminal LT2 is connected by a lead 
174 with electrical connector I56f , the line terminals LTl, 
LT2 defining the power source. A double pole double throw 
reversing switch 176 of the type well known in the art is 
used for controlling the direction of current through start 
winding 28 and, consequently, the direction of rotation of 
the motor 20. A lead 178 connects the reversing switch 176 
to a terminal post 166 of speed selector switch 170. Other 
leads, designated 180a- I80c, connect the reversing switch 176 
to electric connectors lS6d, lS6e and 156a, respectively. A 
ground lead 182 connects the second end frame 52 to ground, 
as described in more detail below. 

The casing 150 of the plug and terminal assembly 56 
is formed with an integral stall 186 for receiving a thermal 
protector indicated generally at 188 (shown exploded from the 
stall in Fig. 3) which protects the motor 20 from overloads. 
The thermal protector 188 has a housing 189 and two contacts 
190 projecting from it for connection to the switch circuit 
155. The thermal protector 188 may be inserted into the 
stall 186 with the contacts 190 extending further into the 
casing 150 generally in registration with contacts 192 of the 
switch circuit 155 (Fig. 9) . As shown in Fig. 7, two 
openings 194 on each side of the casing 150 are located at 
the junction of the thermal protector contacts 190 and switch 
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circuit contacts 192 (not seen in Pig. 7) . A joining tool 
{not shown) is extended through the openings 194 to join (as 
by soldering), the thermal protector contacts 190 to the 
switch circuit contacts 192. 

As shown in Figs. 4 and 5, the plug and terminal 
assembly 56 is supported in a cutout 200 formed in the skirt 
94 of the second end frame 52 without fixed connection to the 
end frame or other part of the motor 20 . Slot defining 
formations, generally indicated at 202, on each side of the 
plug and terminal casing 150 define slots 204 which receive 
respective edge margins 206 of the second end frame 52 
bounding the cutout 200. The slots 204 are sized so that the 
slot defining formations 202 grip the second end frame edge 
margins 206 in the slots to facilitate holding the plug and 
terminal assembly 56 in position. However, the slot defining 
formations 202 do not grip the edge margins 206 of the second 
end frame 52 so tightly as to prevent the plug and terminal 
assembly 56 from being manually slid into and out of the 
cutout 200. The plug and terminal assembly 56 is further 
secured in position in the cutout 200 by locating post means 
comprising in this embodiment a single generally triangular 
locating post 208 generally adjacent one end of the plug and 
terminal assembly, and a; pair of flat end sxirf aces 210 of ;the 
slot defining formations 202 located ad jac^t the oppbsite^ 
end of the plug and terminal assembly. The; locating post 208 
and the flat end surfaces 210 are formed asj one piece; with 
the casing 150. As shown in Fig. 8, the locating post 208 
and flat end surfaces 210 engage one end ^ace of the stator 
core 24 and urge the plug and terminal assembly 56 against 
the second end frame 52 at the closed end of the cutout 200. 
A cylindrical projection 212 at - the axiallyi. inner end; of the 
locating post 208 is received in one of the; slots 76 of the 
stator. Thus, it may be Seen that the plug'; and; terminal 
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I asseinbly is ia^inountecii cm':;the mbtor 20 without welding and 
without any nuts, bolts or other fastening devices. 

^^^t and second end frames 50, 52 of the motor 
are grounded by connection to the ground associated with the 
S power source (e.g., the frame of a washing machine) by a 

ground tab (designated generally by reference dumeral 218) 
formed as one piece with the second end frame. As shown in 
Figs. 4 and 5, the ground tab 218 is located at the bottom of 
the cutout 200 in the second end frame 52. The cutout 200 is 
10 formed in the sheet metal blank at a location correspond- ing 

to one side of the skirt 94 of the second end frame 52. 
However, the metal is not conpletely removed and a portion 
remains as a flap 220 extending laterally outwardly from the 
second end frame 52 at the bottom of the cutout 200. The 
15 ground tab 218 is stamped out of the material in the flap 220 

and bent to project axially inwardly from the flap. An 
electrical connector portion 222 of the ground tab 218 
projects radially outwardly of the remainder of the tab, and 
a stabilizing finger 224 extends axially inwardly of the 
20 electrical connector portion. 

The plug and terminal assembly casing ISO is formed 
with an opening 228 which receives the ground tab 218 upon 
insertion of the plug and terminal assembly 56 into the 
cutout 200. As shown in Fig. 5, the electrical connector 
25 portion 222 of ground tab 218 as received in casing ISO is 

aligned with the other electrical connectors lS6a-l56f which 
are adapted to be connected to the plug 160 associated with 
the power source (Fig. 9). The stabilizing finger 224 is 
received in a recess 230 at the end of the opening 228 
defined in part by an overhang portion 232 of the casing 150 
(Fig. 6). In the recess 230, the stabilizing finger 224 is 
held by engagement with the overhang portion 232 and the 
portion of the casing ISO opposite the overhang portion from 
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substantial movement transverse to the lengthwise extension 
of the finger as shown in Fig. 6. Thus, the stabilizing 
finger 224 aids in holding the plug and terminal assembly 56 
in place in the cutout 200 in the second end frame 52 by 
resisting tilting movement of the plug and termnal assembly 
casing 150. 

Referring now to Figs. 17-19, the rotor assembly 36 
of the present invention is made up of a stack of generally 
thin, circular rotor laminations 240 made of highly 
magnetically permeable material. Slots 242 in the rotor 
laminations 240 are spaced circtamferentially around the 
periphery of the rotor laminations. As shown in Fig. 19, 
each slot 242 includes a radially inner portion 244 and a 
radially outer skew portion 246 extending outwardly and 
laterally (e.g., circumf erentially) , from the radially inner 
portion toward the circumference of the rotor lamination 240. 
The radially inner portion 244 of each slot 242 at least 
partially overlies corresponding radially inner portions of 
slots on the other rotor laminations in the stack forming the 
rotor 38. The overlying slots 242 define axially extending 
passages in which rotor bars 248 are disposed. The rotor 
bars 248 are formed by pouring molten aluminxim or another 
suitable conductor into the passages formed by the overlying 
slots (Fig. 17) . However, it is to be understood that rotor 
bars may be placed in the rotor 38 by other methods, such as 
press fitting, and still fall within the scope of the present 
invention. The rotor bars 248 are not shown in Figs. 18 and 
19 for clarity, but are connected at the ends thereof by end 
rings (not shown) to form a squirrel cage rotor conductor 
arrangement as will be understood by persons skilled in the 
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The rotor laminations 240 in the stack defining the 
rotor 28 are arranged in three adjacent sets, designated 250, 
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252 and 254, respectively. The slots 242 in the first set of 
lairiinations 250 have their skew portions 24S extending 
laterally in a first direction, the slots in the second set 
of laminations 252 have their skew portions extending 
laterally in a second direction opposite the first, and the 
slots in the third set of laminations 254 have their skew 
portions extending laterally in the first direction. All of 
the rotor laminations 240 are virtually identical. Thus, the 
slots 242 are of substantially the same size and shape, and 
thus the slots in the second set of laminations 252 (as 
arranged in the stack) appear to be mirror images of the 
slots in the first set 250 and third set 254 of laminations. 
As shown in Fig. 19, the radially inner portions 244 of 
partially overlying slots of the first set 250 and second set 
252 of laminations generally overlie each other. However, 
the skew portions 246 of the first set 250 and second set 252 
of laminations have no portions which are overlying. The 
skewed condition of the skew portions 246 of the slots 242 of 
the second set 252 of laminations relative to the skew 
portions of the first set 250 and third set 254 of 
laminations facilitates decoupling from the rotor bars 248 of 
stator slot order winding harmonics and stator slot opening 
permeance harmonics. The first set 250 and third set 254 of 
rotor laminations have slots 242 which are oriented the same 
way, and the second set of laminations 252 is interposed 
between the first and third sets. The dimension of each of 
the first set 250 and third set 254 of rotor laminations 
parallel to the longitudinal axis LA of the rotor shaft 42 is 
preferably approximately equal to U the total axial dimension 
of the rotor, and the dimension of the the second set of 
laminations 252 is preferably approximately equal to the 
total axial dimension of the rotor. The arrangement of the 
sets 250, 252, 254 of rotor laminations produces a more 
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balanced rotor which reduces mechanical noise in operation of 
the motor 20. fttoreover, the arrangement of laminations 240 
into the three sets 250, 252 and 254 reduces current loss due 
to leakage from the rotor bars into the lamiiations 240. It 
is to be understood that tjie r^tor 38 may.be formed from two 
sets of rotor laminations 240 having slots 242 which are 
skewed, or more than three sets of rotor laminations and 
still fall within the scope of the present invention. The 
skew of the present design is easily manufactured and 
provides particularly good performance for single phase 
motors . 

Refering to Pigs. 17 and 19, the laterally 
outermost points L of the skew portions 246 of the overlying 
slots 242 in said first set of rotor laminations 250 lie 
generally along a first axially extending line Al and the 
laterally outermost points of said skew portions of the 
corresponding slots in said second set of rotor laminations 
252 lie generally along a second axially extending line A2. 
The skew of the slots 242 in the first and second sets may be 
represented by the distance d between the first line Al and 
the second line A2. In the preferred embodiment, the 
distance d falls within a range eaqjressed by the following 
equation, 

(2Trr)/(2S - P) < d s (2irr)/{2S - P) + « + p (i) 

The variable r is the radial distance between the center of 
the rotor lamination 240 and the either line Al or A2 
(Fig. 18). S is the number of slots in the s tat or core, and 
P is the number of poles of a selected one of the windings 
(the harmonics of which are to be decoupled from the rotor) . 
As explained in more detail below, p/2 corresponds to the 
distance between the laterally outermost point L of the slot 
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242 and its radially outermost point R (Fig. 19), and 6/2 
generally corresponds to the distance 6/2 between a first 
magnetic saturation region Ml and a second magnetic 
saturation region M2 (Fig. 20) . 

More specifically, p/2 is the distance between 
first and second parallel planes (which are seen on edge in 
Fig. 19 and appear as lines A3 and A4, respectively) in a 
third plane (which is also seen on edge in Fig. 19 and 
appears as line AS) which includes the lines Al and A2. The 
first plane A3 includes the radially outermost point R of the 
skew portion 246 of the slot, and the second plane A4 
includes the line Al or A2. The first plane A3 and second 
plane A4 intersect the third plane AS at right angles, and 
all three planes (A3, A4, AS) are perpendicular to the plane 
in which Fig. 19 lies. 

The distance 5/2 is explained with reference to 
Fig. 20 showing two sets of rotor laminations 258 having 
slots 260 with skew portions 246 which extend laterally in 
opposite directions. The illustrated skewed slots 260 do not 
have the same shape as the slots 242 shown in Fig. 19. 
Generally, the rotor laminations 240 having slots 242 have 
more material between the slot and the circumference of the 
rotor lamination 240 than the rotor laminations 258 having 
slots 260. The configuration of the slots 260 is an initial 
configuration chosen on the assuirption that, for each slot 
260, the sole location of magnetic saturation is region Ml 
adjacent the radially outermost point R of each slot which 
corresponds to the slot bridge (i.e., the narrowest strip of 
material surrounding the slot) . However, as explained below, 
we have found and uneroected result that a second saturation 
region M2 occurs at a location spaced from the first 
saturation region Ml. The distance 5/2 corresponds to the 
distance between parallel lines, designated A6 and A7, 
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respectively. Line A6 is perpendicular to the' plane AS and 
intersects the first saturation region Ml (and radially 
outermost point R) . Line A7 is also perspendicular to plane 
A5 ?Tir^ intersects the second saturation region M2, 

The stator slot order harmonics which are decoupled 
by the skew of the rotor bars 248 are represented by: 

n - 2inS/P ± 1 (2) 
where n is the harmonic order number, m is the mode number 
(typically m « 1) , S is the number of slots in the stator 
core 24, and P is the fundamental number of magnetic poles of 
the motor 20. In order to decouple a particular stator slot 
order harmonic, the mutual reactance X of the slot should go 
to zero. Mutual reactance X may be expressed by the 
following equation for the skew geometry of the rotor bars 
248 of rotors embodying the present invention: 

X « X^., where X. - cos(na/4) (3) 
X„ is the component of mutual reactance attributable to the 
angle o: of skew of the rotor bar in "electrical" degrees. In 
order to decouple a particular harmonic X^: 

an/4 »= 7r/2 (4) 
Substituting for n in equation (2), the angle of skew a 
needed to decouple the stator slot order harmonics can be 
expressed as: 

a/2 = Tr(2S/P ± 1) (5) 
The conversion to mechanical degrees of skew is made by 
substituting a « 0i^7/2, or: 

a^/2 = 27r/(2S ± P) (6) 
Thus, the predicted distance d' in plane AS between 
the lines Al and A2, defined above, may be fotind by 
substituting for anccb in equation (6) : 

a^ = 27rd'/(27rr) (7) 
or, after simplification: 

d' = (27rr)/(2S ± P) (8) 
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It is apparent from equation (7) that distance d' is the 
length of an arcuate segment of a circle having a radius r. 
The arcuate segment corresponding to d' would be defined by 
the intersection of radial lines (not shown) passing through 
the laterally outermost points L of the skew portions 246 
with the circle of radius r. However, the difference between 
the linear distance between end points of the arcuate segment 
of length d' and the length- d' is so small that it has been 
represented as a linear distance in the drawings. Likewise, 
the distances 6 and p, which are actually lengths of arcuate 
segments of a circle having a radius x, are shown for 
simplicity as linear distances in a plane A5. The distances 
6/2 and p/2 are large relative to the difference between the 
arcuate distance and the linear distance between end points 
of the corresponding arcuate segments. The arcuate segment 
of length 6/2 would be defined by the intersection of radial 
lines (not shown) passing through the first and second 
saturation regions Ml and M2, respectively, with the circle 
of radius r. The arcuate segment of length p/2 would be 
defined by the intersection of radial lines (not shown) 
passing through the radially outermost point R and laterally 
outermost point L of a slot 242 with the circle of radius r. 

The predicted distance d' (which is actually a 
range due to the presence of ± P) does not in fact equate to 
the distance d between laterally outermost points of the skew 
portions 246 of the slots 242 of the rotor laminations of the 
first set 250 and second set 252. The predicted distance d' 
must be first corrected by adding p/2 for both the slots of 
the first set 250 of rotor laminations and the slots of the 
second set 252 of rotor laminations to account for the 
distance (p/2) in the plane line AS between the radially 
outermost point R and the laterally outermost point L 
intersecting line Al of the first set slot, and the distance 
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(p/2) in the plane A5 between the radially outermost point R 
and the laterally outermost point L intersecting line A2 of 
the second set slot. Ideally, p would equal aero and the 
radially outermost point R would coincide with the laterally 
outermost point L. However, the slot 242 should preferably 
have a finite radius of curvature at the radially outermost 
point R to accomodate manufacture so the ;ty6 points L and R 
do not actually coincide. 

However, even when the distance d' has been 
modified to account for the noncoincidence of the radially 
outermost point R and the laterally outermost point L, the 
optimum skewing for single phase motors has not been 
acheived- The equations (3) - (8) , used to predict the 
necessary skew distance d', clearly assuii^:|that the location 
of magnetic flux saturation (Ml) will be in the narrowest • 
strip of rotor lamination material between the slot 2 SO and 
the outer circumference of the lamination is 8 (i.e., 
generally at the radially outermost point :R; of the slot). 
Referring to Fig. 20, the predicted :distanbV;between ' 
laterally outermost points L of :;the slots 12 feo having . 
oppositely extending skew portions is d' + p.- in Fig. 20, • 
p/2 is the distance betw^ a fir^t -plan^^^D^xm ed^e in| 
Fig. 20 and represented; hrjrv iine|^^) :^nd| a 
seen on edge, in Fig.;;;2oJai^ rep||sen|;ed|:b|| 
first plane A6 intersects ithe radially 

Is perpendicular to a ,|hird p^a%^s^i:iin,^jjc|| in FigJj 20 ^id 
represented by line AS;f The se(iiiid^,p^ 



the first plane A6 and .. intersects' ?aL like ijiciuding the 

" ■^^'-^e& slots (S£ 



laterally outermost poiiitsiL of f|±|s'^|:d.al3|^|j4ii 
a respective set of rotor] laminafa}onS:^ 



However, we have .surprisingly .fcpmij that for. single 
phase motors there is at^?;^|o?c|;^|^gdLOT;|^ ^pkcedif 
from the first region ||j|plc|^^g^ 2ci|| Qj 
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order to condensate for this unes^ected euioznaly, the skew 
distance d is .'f luither ii^ from the predicted distance 

d' + p by 6, where 6/2 corresponds to the distance between 
the narrow strip (i.e., first aagnetic saturation region Ml) 
and the second saturation region M2, as stated above. The 
skew distance d will always be greater than the "predicted 
distance d' . Accordingly, the lower limit for the skew 
distance d will be greater than the upper predicted distance 
d' (i.e., d > irD/(2S-P) + p) . The amount 6 varies from slot- 
to-slot and with the rotational position of the rotor 38 
relative to the s tat or 22. Therefore, 6 is actually an 
averaged value of the actual 0 associated with each slot 242. 
Presently, we have determined 6 both e^qjerimentally, and by 
use of a finite element analysis of the rotor 38. In view of 
the foregoing, d would preferably be chosen as: 

d -= irD/2S + p + a (9) 
where the quantity p + « is sufficiently large so that the 
distance d still exceeds the predicted distance d' , or: 
p + « > irD/(2S-P) - -nD/llS) (10) 
The dynamoelectric machine (induction motor 20) of 
the present invention is constructed for ease, speed and 
precision of assembly. The component parts of the motor 
shown in Fig. 3 may be assembled without the used of 
fasteners other than the keys 64. Nut and bolt fasteners may 
be conraletely eliminated. As discussed above, many of the 
conponent parts, in particular the stator 22 and the end 
frames SO, 52, have been constructed to achieve greater 
precision and to facilitate the final assembly of the motor 
20. The following is an exainple of one way in which the 
motor conponents shown in Fig. 3 might be assembled together. 
However, this exaniple is not exclusive of other possible 
methods of assembly, particularly in the order of assembly. 
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The first bearing 44 is press fit onto the rotor 
shaft 42 of the rotor assembly 36 at a predetermined 
location. The centrifugal mechanism S8 is fixed to the rotor 
shaft 42 on the opposite side of the rotor 38 from the first 
bearing 44. The end of ihe rotor shaft 42 mounting the first 
bearing 44 is inserted into the central opening 48 of the 
first end frame 50 with the first bearing engaging the 
retaining lip 98 of the central opening to terminate further 
movement of the rotor shaft and first bearing through the 
opening. The retaining tabs 102 are bent over against the 
first bearing 44 to capture the first bearing in the central 
opening 48 of the first end frame 50. 

The stator 22 is placed over the rotor assembly 36 
with the rotor 38 being received in the stator core bore 40. 
One end face of the stator core 24 engages the embossments 
112 on the feet 96 of the first end frame 50, and the locator 
nubs 60 are received in corresponding locator holes 62 of the 
stator core 24. The stator windings 27 are connected to the 
plug and terminal assembly 56 by placing the magnet wire 
leads 80 into respective lead terminals 152 and crimping the 
terminals against the magnet wire (Fig. 7) . The ridges of 
the serrated formation 154 of the lead terminals 152 
penetrate the magnet wire insulation and bring the lead 
terminals into electrical connection with the magnet wires. 

The second bearing 46, assembled as previously 
described, is secured in the central opening 48 of the second 
end frame 52 by bending over the retaining tabs 102 against 
the bearing. The second end frame 52 is placed over the end 
of the rotor shaft 42 opposite the first end frame 50 and the 
rotor shaft is received in the shaft receiving passage 120 of 
the second bearing 46. The plug and terminal assembly 56 is 
mounted on the second end frame 52 by pushing it into the 
cutout 200. The slots 204 of the slot defining formations 
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202 have flared monftis 234 at one end to facilitate entry of 
the edge margins 206 bordering the cutout 200 into the slots 
(Figs. 4 and S) . The ground tab 218 is received into the 
opening 228 in the casing ISO as the plug and terminal 
assembly 56 is pushed into the cutout 200, and the 
stabilizing finger 224 enters the recess 230. The electrical 
connector portion 222 of the ground tab 218 is aligned with 
the electrical connectors 156a- I56f of the plug and terminal 
assembly 56 so that it: is prepared to be plugged into the 
grotind lead 182 when the motor 20 is connected to a source of 
electrical power* 

The second end frame 52 is pushed toward the end 
face of the stator core 24 with the rotor shaft 42 sliding 
through the shaft receiving passage 120 until the embossments 
112 on the feet 96 of the second end frame 52 engage the end 
face of the stator core with the locator nubs 60 received in 
the locator holes 62 in the stator core. The motor 
corrponents are secured together by placing the keys 64 into 
the channels 66 in the stator core 24 and deforming the ends 
68 of the keys over onto the feet 96 of respective end frames 
50, 52. The intentional misalignment of the axis L5 of the 
shaft receiving passage 120 of the second bearing 46 with the 
longitudinal axis LA of the rotor shaft 42 causes the 
diaphragm 134 of the second bearing to be elastically 
deformed and hold the needle bearings 124 against the rotor 
shaft . 

In view of the above, it will be seen that the 
several objects of the invention are achieved and other 
advantageous results artained. 

As various changes could be made in the above 
constructions without departing from the scope of the 
invention, it is intended that all matter contained in the 
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above description or shown in the agcornpanying drawings shall 
be interpreted as illustrative and not in a limiting sense • 
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1- A two-speed dynamoelectric machine (20) 
comprising a stator (22), at least two windings (27) on the 
stator, a rotor (36) received in the stator and means 
supporting the rotor for rotation relative to the stator, a 
first of the two windings (30) having a first number of poles 
and a second of the two windings (32) having a second number 
of poles different from the first number of poles, said second 
number being an even number which is greater than two and not 
also a multiple of four, the stator (22) comprising a 
plurality of stator laminations (26) stacked one on top of the 
other, each stator lamination comprising a sheet of highly 
magnetically permeable material having a generally central 
opening (72) therein and each stator lamination being rotated 
90O relative to the adjacent stator laminations in the stack 
about a longitudinal axis of a central rotor-receiving bore 
(40) of the stator €o*e formed by the central openings of the 
stator laminations in the stack, and slots (76) opening into 
the central opening and extending generally radially outwardly 
therefrom, the slots being disposed in an arrangement around 
the periphery of the central opening and receiving turns of 
wire from said two windings (30, 32) of the dynamoelectric 
machine with at least some of the slots receiving turns of 
wire from both of said two windings, characterized in that 
said arrangement of slots (76) on each stator lamination (26) 
is symmetrical about a pair of perpendicular lines (LI, L2) 
lying generally in the plane of the stator lamination and 
intersecting generally at the center (Z) of the central 
opening (72) and about a diagonal line (L3) lying in the plane 
of the stator lamination, passing through the center of the 
central opening and making an angle of 45o with said 
perpendicular lines. 

2. A dynamoelectric machine as set forth in 
claim 1 characterized in that each stator lamination (26) is 
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a generally square sheet of highly magnetically permeable 
material having four peripheral edges. 

3 . A dynamoelectric machine as set forth in claim 2 
characterized in that the minimum distance separating the 
bottom of any of the slots (76) and the nearest edge of the 
stator lamination (26) is approximately equal for all four 
edges of the lamination. 

4. A dynamoelectric machine as set forth in claim 1 
wherein each pole is defined by a plurality of generally 
concentric coils formed by the turns of wire of the winding, 
characterized in that the spatial distribution of the turns of 
wire among the coils at least one of the poles being 
dissimilar from the spatial distribution of the turns among 
the coils of at least one of the remaining poles of the 
winding. 

5. A dynamoelectric machine as set forth in claims 
1-4 characterized in that each stator lamination (26) in the 
stack is rotated No relative to the two immediately adjacent 
stator laminations on opposite sides thereof about an axis 
perpendicular to the stator lamination and passing through the 
center (Z) of its said central opening (72), the slots (76) 
being so sized and arranged that the slots of each stator 
lamination are superposed and substantially coextensive with 
the slots of said immediately adjacent stator laminations, and 
at least two windings (27) on the stator (22), turns of 
wire forming the two windings being received in the slots with 
at least some of the slots receiving turns of wire from both 
of the two windings, the two windings having magnetic poles 
disposed generally around the central opening of the stator 
core, none of the poles of at least one of the windings being 
separated around the central opening by N** or any whole number 
factor thereof. 
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6. A dynamoelectric machine (20). comprising; 

a stator (22) including a stator core (24) having a 
pair of opposing end faces and wire-receiving slots (76), a 
bore (40) through the stator core extending from one end face 
to the other end face, and at least one winding (27) on the 
stator core formed by magnet wire received in the slots on the 
stator core; 

first and second opposite end frames ( 50 , 52 ) 
mounted on respective end faces of the stator core (24), each 
end frame having a generally cup-shaped configuration 
including interior and exterior faces (90, 92), a skirt (94) 
projecting outwardly from the interior face (90), and a 
generally central opening (48) through the interior and 
exterior faces; 

bearing means (44, 46) associated with the central 
openings of the first and second end frames; 

a rotor assembly (36) comprising a shaft (42) 
received in said bearing means (44, 46), and a rotor (38) 
fixedly mounted on the shaft for conjoint rotation therewith, 
the rotor being disposed at least in part in the stator core 
bore (40), the rotor and the stator being adapted for magnetic 
coupling upon activation of the windings for rotating the 
shaft and rotor relative to the stator and end frames; 

characterized in that: 

the skirt i^^o^t^^^e^^a^i^^raS^pS^^ has a 
cutout (200) therein bounded by edge margins (206); 

a plug and terminal assembly (56) includes a casing 
(150) made of an insulator material, lead terminals (152) 
electrically connected to the winding and electrical 
connectors (156a-156f) protruding from the casing and 
electrically connected to the lead terminals, the electrical 
connectors being constructed for connecting the winding leads 
to a source of electrical power, the plug and terminal 
assembly casing having slot means receiving at least one of 
the edge margins (206) of the second end frame (52) bounding 
the cutout (200) therein whereby the plug and terminal 
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assen±>ly is siipported on the dynamoelectric machine (20) free 
of any fixed connection to the end frame or stator (22). 



7. A dynamoelectric machine as set forth in claim 6 
characterized in that said slot means comprises two slot- 
defining formations (202) formed as one piece with the casing 
(150), each slot-defining formation having a slot (204) 
therein receiving a corresponding one of the edge margins 
(205) of the second end frame (52). 

8. A dynamoelectric machine as set forth in claim 7 
characterized in that the slot-defining formations (202) are 
constructed to define a flared mouth portion (234) of the 
slots (204) adapted to facilitate installation of the plug and 
terminal assembly (56) in the cutout (200), 

9. A dynamoelectric machine as set forth in claim 7 
characterized in that the plug and terminal assembly (56) 
further comprises a locating post (208) ^ptojecting from the 
casing (150) and into engagement with; 1^ (24) for 
holding the plug and terminal assembly in a positive location 
on the We^^^ end frame (52): : I ? 



10. A dynamoelectric machine^ as set forth in 
claim 9 characterized in that the distal eiid of the locating 
post (208) is received in one of the slots (76) of the stator 
core (24) . '^.-p , 



11. A dynamoelectric '^ma^ !set : forth Hn 



claim 10 character ized| |in ftiiat ;^^|:he5: post |2(i8) 

comprises a cylindrical projection: (212); at its distal er-' 

sized for receiitiwi in4lii iaift'^^lM^^^ (7^^ M 

12. : A ;;dynakoel^tric;tmacH^ ^set ^fortli Jin 

claims 6-11 characteri-l^filf frir^|^ %ah (216) |is 

mounted on and in elebtricai"'c:c)riri&c^^^^ second eiid 



.!i --i ml. 

v4 "'^'"'^ 
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frame (52), and further characterized in that the casing (150) 
of the plug and terminal assembly (56) has an opening (228) 
therein receiving the ground tab with the ground tab being 
disposed for electrical connection to ground upon connection 
of the electricaO, connectors (156a-156f) of the plug and 
terminal asseinbiy to ground. 

13. A dynamoelectric machine as set forth in 
claim 12 characterized in that the ground tab (218) is formed 
as one piece with the second end frame (52). 

14. A dynamoelectric machine as set forth in 
claim 13 characterized in that the ground tab (218) includes 
an electrical connector portion (222) located generally 
adjacent the electrical connectors (156a-156f) of the 
terminals (152) and constructed for plug- in connection to a 
ground remote from the dynamoelectric machine (20). 

15. A dynamoelectric machine as set forth in 
claim 14 characterized in that the groxind tab (218) further 
comprises a finger (224) projecting outwardly from the ground 
tab, and further characterized in that the plug and terminal 
assembly casing (150) has a recess (230) therein receiving the 
finger, the finger being adapted to engage the casing in the 
recess to facilitate stabilization of the plug and terminal 
assembly (56) on the second end frame (52). 

16. A dynamoelectric machine as set forth in 
claim 13 • .^^^J:Jp2e^lan»|5 the second end frame 
(52) is stamped from a sheet metal blank, the ground tab (218) 
being formed from sheet metal material remaining after the 
cutout (200) is cut into the sheet metal blank. 

17. A method for assembling a dynamoelectric 
machine (20) comprising the steps of: 

providing a stator (22) including a stator core (24) 
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having first and second end faces, a bore (40) through the 
stator core extending from one end face to the other, windings 
(27) including a start winding (28) and at least one run 
winding (30,32) on the stator core each winding being formed 
by magnet wire and having terminal ends; 

providing first and second opposite end frames (50, 
52) adapted for connection to the stator core (24), each end 
frame having a generally central opening (48) therein; 

providing a rotor assembly (36) comprising a shaft 
(42) received in the ^generally central openings (48) of the 
first and second end frames, and a rotor (38) fixedly mounted 
on the shaft for conjoint rotation therewith; 

providing a plug and terminal assembly (56) 
including a casing (150) made of insulator material, a switch 
(155) housed in the casing operable between a first switch 
mode in which the start winding is activated and a second 
switch mode in which the start winding is deactivated, a 
plurality of electrical connectors (156a-156f) connected to 
the switch and adapted for connection to a power supply, and 
a plurality of magnet wire terminals (152) integrally 
connected to the switch; 

characterized by: 

placing the terminal ends of the windings (27) in 
respective magnet wire terminals (152) at the plug and 
terminal assembly; 

securing the terminal ends in the magnet wire 
terminals (152) thereby establishing electrical connection of 
the windings (27) to the switch (155), 

18. A method as set forth in claim 17 characterized 
in that the step of securing the magnet wires in the magnet 
wire terminals (152) comprises the siiaultaneous steps of 
deforming the magnet wire terminals against the terminal ends 
of the windings (27) and penetrating the insulation of the 
magnet wire at the terminal ends to establish electrical 
connection between the magnet wire terminals and the terminal 
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end of the winding placed therein- 



19. A method as set forth in claims 17-18 wherein 
the stator core (24) has first locator means (62) associated 
therewith characterized in that: 

the step of providing first and second end frames 
(50/ 52) comprises the step of forming first and second end 
frames, the step of forming each of the first and second end 
frames including the step of simultaneously punching from 
sheet metal blank the generally central opening (48) and 
second locator means (60) spaced from the center of the 
central opening thereby to precisely locate the center of the 
central opening relative to said second locator means; 

and wherein the method is further characterized by 
the step of: 

assembling the dynamoelectric machine (20) by 
placing the stator (22) on the rotor (38) with the rotor being 
generally received in the stator core bore (40), inserting 
opposite end portions of the shaft (42) in the central 
openings (48) of the first and second end frames (50, 52), 
respectively, thereby to locate the shaft, and engaging said 
first locator means (62) of the stator core with said second 
locator means (60) of the first and second end frames thereby 
to precisely locate the center of the central openings of the 
end frames and the shaft relative to the bore of the stator 
core . 

20. A method as set forth in claim 19 wherein the 
step of providing a stator (22) comprises the steps of: 

stamping a plurality of stator core laminations (26) 
from a sheet of highly magnetically permeable material; and 

stacking the laminations one on top of the other to 
form the stator core (24), the central bore openings (72) 
being generally aligned to form the stator core bore (40); and 

the step of stamping a plurality of stator 
laminations (26) being characterized in that at least some of 
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the stator care laminations are simultaneously stamped with a 
central bore opening (72) and said first locator means (62) 
thereby to precisely locate the center of the central bore 
opening relative to said first locator means. 

21. A method 'as set forth in claim 20 characterized 
in that said second locator means comprises a plurality of 
locator nubs (60) projecting outwardly from the end frames 
(50, 52)/ and further characterized in that said first locator 
means comprises a hole (62) in the stator core (40) for each 
locator nub, each nub being .received in a corresponding hole 
upon assembly of each end frame with the stator core, each 
locator nxib being formed by punching through the sheet metal 
blank. 

22. A method as set forth in claim 21 characterized 
in that the step of forming first and second end frames (50, 
52) further includes the step of forming the sheet metal blank 
into a generally cup-shaped configuration including generally 
flat interior and exterior faces (90, 92), a skirt (94) 
projecting outwardly from the interior face (90) and a foot 
(96) for each locator nub (60) projecting laterally outwardly 
from an edge of the skirt opposite the interior face and lying 
generally in a plane parallel with the plane of the interior 
face, the locator nubs each being located on a respective 
foot- 

23. A method as set forth in claim 22 characterized 
in that the step of punching the locator nubs (60) further 
includes the step of forming a raised, flat embossment (112) 
on each foot (96), the embossment surrounding the locator nub 
and projecting inwardly from the foot, the embossments being 
formed simultaneously to lie generally in the same plane 
parallel to the interior face (90) of each of the end frames 
(50, 52) such that the feet lie flat against the stator core 
face with the locator nubs engaged in the locator holes (62) 
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upon assembly of the end frame with the stator core (24), 

24- a method as set forth in claim 20 further 
characterized by the step of: 

removing material from the sheet metal blank at 
circumferentially spaced apart locations around the central 
opening of each end frame, and forming retaining tabs (102) 
with material remaining at each location where material is 
removed, each retaining tab projecting outwardly from the end 
frame; 

and wherein the step of assembling the 
dynamoelectric machine is further characterized by the steps 
of providing bearing means (44, 46) for each of the. first and 
second end frames (50, 52), inserting each bearing means into 
the central opening (48) of a corresponding end frame, and 
deforming the retaining tabs (102) inwardly over said bearing 
means thereby to retain said bearing means in the central 
opening . 

25. A method as set forth in claim 21 characterized 
in that each stator lamination (26) is stamped with a 
plurality of notches (78) at spaced apart locations around the 
periphery of -the lamination, and wherein the step of 
assembling the dynamoelectric machine (20) is further 
characterized by the step of inserting an elongate key (64) 
into each channel (66) defined by aligned notches of the 
stator laminations stacked in the stator core (24) and 
securing the ends of the key to respective end frames (50, 52) 
thereby to hold the end frames and stator core together. 

26- A method as set forth in claim 20 further 
comprising the step of providing first and second bearing 
means (44, 46), and wherein the step of assembling the 
dynamoelectric machine (20) further comprises the steps of: 

inserting a first end of the rotor shaft (42) into 
said first bearing means (44); 
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fixedly connecting said bearing means (44) to the 
rotor shaft (42); 

connecting said first bearing means (44) to the 
first end frame (50) in a central opening (48) thereof thereby 
providing positive axial location of the rotor assembly (36) 
and the first end frames- 
placing the stator (22) on the rotor assembly (36) 
with the rotor (38) being generally received in the stator 
core bore (40); 

characterized in that the second end frame (52) is 
slid over a second end of the rotor shaft (42) opposite the 
first end with the second end being slidably received in said 
second bearing means (46) disposed in the second end frame 
untxl the second end frame engages the second face of the 
stator core (24) so that axial location of the second bearing 
means relative to the rotor shaft is determined by the 
engagement of the second end frame with the second face of the 
Stator core; 

and securing together the stator (22), first end 
frame (50) and second end frame (52). 

27. A dynamoelectric machine (20) comprising: 
a stator assembly (22) including a stator core (24) 
having a bore (40) therein, energizable windings (27) disposed 
on the stator core, and at least one bearing; 

a rotor assembly (36) comprising a shaft (42) 
supported by the at least one bearing, and a squirrel cage 
rotor (38) fixedly mounted on the shaft for conjoint rotation 
therewith, the rotor being disposed at least in part in the 
stator core bore (40), and the rotor and stator ass^iy (22) 
being adapted for magnetic coupling therebetween during 
energization of the windings (27); 

the rotor (38) comprising a stack of generally thin, 
circular rotor laminations (240) made of highly magnetically 
permeable material, each rotor lamination having slots (242) 
■therein spaced circumf erentially around its periphery and each 
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slot including a radially inner portion (244) and a radially 
outer skew portion (246) extending outwardly and laterally 
from the radially inner portion toward the circumference of 
the rotor lamination, each slot at least partially overlying 
corresponding slots on the other rotor laminations of the 
stack such that the at least partially overlying slots of the 
rotor laminations define passages extending axial ly through 
the rotor, and electrically conductive material (248) disposed 
in each of the passages; 

* the rotor laminations (240) in the stack being 

arrcuiged in at least two sets (250, 252), the slots (242) of 
a first of said sets of rotor laminations having their skew 
portions (246) extending laterally in a first direction and 
the slots of a second of said sets of rotor laminations having 
their skew portions extending laterally in a second direction 
opposite the first direction, the radially inner portions 
(244) of corresponding slots in said first and second sets of 
rotor laminations overlapping each other; 
characterized in that: 

the laterally outermost points (L) of the skew 
portions (246) of the corresponding slots (240) in said first 
set of rotor laminations (250) lie generally along a first 
axially extending line (Al) and the laterally outermost points 
of said skew portions of the corresponding slots in said 
second set of rotor laminations (252) lie generally along a 
second axially extending line (A2), the distance d between the 
first line and second line falling within a range expressed by 
the following equation, 

(2Tir)/(2S - P) < d < (2Tir)/(2S - P) + 6 + p 

where r is the distance between the center of a rotor 
lamination and the laterally outermost point of the skew 
portions of one of the slots on the rotor lamination, S is the 
number of slots in the stator core, P is the nximber of poles 
of a selected one of the windings, 6/2 is an amount selected 



to inhibit the occurrence of more than one saturation region 
associated with each rotor slot, and p/2 is approximately the 
distance between first and second parallel planes (A3, A4), 
the first plane (A3) including the radially outermost point 
(R) of the slot and the second plane (A4) including the first 
or second axially extending line (Al, A2) nearest the radially 
outermost point, the first and second planes being 
perpendicular to and intersecting a third plane (A5) including 
the first and second lines. 

28. A dynamoelectric machine as set forth in 
claim 27 characterized in that 6/2 corresponds to the distance 
between a first magnetic saturation region (Ml) and a second 
magnetic saturation region (M2) spaced from the first region 
of a rotor (38) formed by a stack of rotor laminations (240) 
having skewed slots (242) in which the distance d is expressed 
by the following equation: 

2Tir/(2S+P) + P < d < 2Tir/(2S-P^ p ' 

29. A dynamoelectric machine as set forth in 
claim 27 characterized in that the distance d between the 
first and second axially extending lines (Al, A2) 
approximately equals tiD/2S + 6 + p. 

30. A dynamoelectric machine as set forth in 
claim 29 characterized in that the raidially; inner portions -of 
the slots (244) are each generally symmetric about a.radiial 

line passing through the ^centefc of Suthe^ rot^ aiid 

-■' • 'J i • ^ i ■ Jt-'ill''^;--' iv ■■■■ r^'^ S 

the skew portions (246 ) - are asymmetric' abouH:^: any radial dSie 

: ■ ■ <■■- i'-'-^ V I 1^ % 

passing through the center of the rotor i;am^ :■ ^| 

31. A dynamoelectric jset - fortli !i|in 
claim 30 characterized ih thatAthejlislot^ Ibf said f^ir^t 
set of rotor laminations (250) ^iare mirrorf im^ of the sld^s 
of said second set of rotor laitiinations C252!;)'. V V ^ 



J32;.:l:; vJ;A ; dynampelectric machine as set forth in 
claim 29 ^characteri^^^^ that the rotor (138) further 

comprises a third set of rotor laminations (254), the slots 
(242) in the rotor laminations (240) of said third set each 
5 having a radially inner portion (244) and a radially outer 

skew portion (246) extending laterally from the radially inner 
portion in the first direction, the first (250) and third 
(254) sets being disposed in the rotor on axially opposite 
sides of the second set (252) « 

33. A dynamoelectric machine as set forth in claim 
29 characterized in that the dynamoelectric machine comprises 
a single phase electric motor. 

34. A dynamo-electric machine substantially as 
hereinbefore described with reference to the accompanying 
drawing . 
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